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The f i r s t  year of the  Space Science Program under the  support of the  NASA 
Sustaining Grant has been most successful.  The g ran t  has not only s t imulated 
graduete t r a i n i n g  and research i n  a number of academic departments of t he  
University but a l s o  has  served as a c a t a l y s t  i n  br inging together  on a common 
p r o j e c t  i nd iv idua l s  from d ive r se  d i sc ip l ines .  I n  Progress Report No. 1 the  
unique geographical s i t u a t i o n  of the University with a l l  col leges  located on 
a s i n g l e  campus of moderate s i z e  was mentioned. The d e s i r e  of t he  University 
t o  c a p i t a l i z e  on t h i s  asset through s t rong  i n t e r d i s c i p l i n a r y  programs of 
graduate education and mul t id i sc ip l ina ry  a t t a c k s  on research problems has  
been fur thered by the  iJASA Sustaining Grant i n  nurtur ing a number of i n t e r -  
d i s c i p l i n a r y  projeccs .  

This r epor t  is e s s e n t i a l l y  a cont inuat ion and updating of Progress Report 
NO. 1 (October 30,  1965) describing p r imar i ly  the  accomplishments during the  
per iod August 1, 19G5 t o  January 31, 1966. During t h i s  period funds a v a i l a b l e  
w e r e  no t  s u f f i c i e n t  t o  i n i t i a t e  any new p r o j e c t s .  Proposed new p r o j e c t s  f o r  
t h e  coming yea r  have been described i n  the  proposal submitted Xovember 7, 1965. 

.. 

hotable  progress has  been made by D r .  Roth i n  his attempt t o  e x t r a c t  more 
information from radiographs by conversion of densi ty  scales t o  co lo r  scales 
with the  d i sp lay  of t h e  co lo r  encoded radiograph on a color  TV screen. This 
technique w i l l  be ready f o r  c l i n i c a l  eva lua t ion  as soon as improved r e s o l u t i o n  
can be obtained: t he  commercial TV system now i n  use is not s u f f i c i e n t l y  ref ined.  
D r .  Roth desc r ibes  his work more completely i n  h i s  progress r epor t .  Copy No. 1 
of t h i s  r e p o r t  contains  a color  photo of a co lo r  encoded radiograph as seen on 
a commercial TV screen.* 

U r .  Donald G .  Forgays, i n  h i s  progress r epor t  on i s o l a t i o n  s t u d i e s  
i n d i c a t e s  t h a t  p i l o t  tests have been made on the  con t ro l l ed  temperature water 
bath with associated c o n t r o l ,  monitoring equipnent,  a i r  supply and intercom 
now ready f o r  use. Examination of some 3CO l i t e r a t u r e  references ind ica t e s  
t h a t  a number of o the r  i nves t iga to r s  of i s o l a t i o n  by water bath have not had 
s a t i s f a c t o r y  environmental con t ro l  and i t  i s  hoped t h a t  the  refinements made 
by D r .  Forgays w i l l  make i t  possible t o  ob ta in  s i g n i f i c a n t  r e s u l t s  under w e l l  
coritrol.led coadi t ions . 

*Photoeraphs s u i t a b l e  f o r  reproduction were previously submitted t o  M r .  Edward 
Re?ldir?g. 
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Seven of the  p r o j e c t s  vhich were begun durinp the  f i r s t  year  of t he  gran t  
w i l l  be continued i n t o  the  second year. 
t h a t  these  p ro jec t s  are being w e l l  c a r r i ed  out  and shov Dromise of producing 
i n t e r e s t i n g  r e s u l t s ,  
t o  s i x  months of operat ion a r e ’  

The Executive Conrrlittee is s a t i s f i e d  

These pro jec ts  with amounts a l loca t ed  f o r  the  next  four  

1. Instrumentation and Model F a c i l i t y  $ 10,000 

3.  Residual Stresses Resul t ing from Sudden Heating; 
Howard Uuchacek, P r i n c i p a l  Inves t iga tor  8,065 

4. Indiv idua l  Differences i n  t h e  Inf luence of Sensory I s o l a t i o n  
upon I n t e l l e c t u a l ,  Emotional, and Physiological  Functioning; 

Donald G .  Forgays, P r inc ipa l  Inves t iga to r  7,025 

6. Effec t  on Brain of Current from External  Electrodes;  
Wilbert  F. Chambers, Pr inc ipa l  Inves t iga to r  5,826 

7 .  (7A) - Bioenergy E l e c t r i c a l  Sources; 
(7B) - Radiological  Data Processing *. 

Wilfred Roth, P r i n c i p a l  Inves t iga tor  

8 .  Computer Applications i n  C l in i ca l  Pathology; 
Rex D. Couch, P r inc ipa l  Inves t iga tor  

12 .  Entropy Determinations,:  
Claus A. Wulff, P r inc ipa l  I cves t iga to r  

8 I 448 

21,726 

4,600 
$--65,690 

I n  t h e  l i s t  above P ro jec t  1, Instrumentation and Nodel F a c i l i t y ,  r equ i r e s  
f u r t h e r  explanat ion.  During the  first year  of operat ion some support  was 
given t o  the  L’nified Engineering Shop f o r  the  purchase of c e r t a i n  machine 
t o o l s  required f o r  t he  support  of research p ro jec t s .  The Executive Committee 
has  assigned support  under the  same p r o j e c t  budget during the  second year f o r  
equipment purchases f o r  t h e  newly es tab l i shed  Instrumentat ion and “lode1 F a c i l i t y  
which w i l l  provide se rv ices  f o r  research p r o j e c t s  a l l  over the  campus. The 
establ ishment  of t h i s  f a c i l i t y  is  an important s t e p  forward i n  providing the  
necessary t o o l s  and manpower to  make and se rv ice  t h e  many s p e c i a l  p ieces  of 
equipment needed i n  research.  This f a c i l i t y  eventua l ly  w i l l  be located on 
the  f i r s t  f l o o r  of a wing of t he  new L i f e  Sciences Building f o r  which con- 
s t r u c t i o n  w i l l  s tar t  t h i s  spr ing.  The f a c i l i t y ,  equipped and supp l i ed ,wi l l  
c o s t  $250,000 t o  $300,000. 
needed p ieces  of equipment f o r  research support .  The o the r  p r o j e c t s  have been 
descr ibed before  i n  previously submitted proposals and the  s t a t u s  of each w i l l  
be found i n  the  ind iv idua l  progress r e p o r t s  later i n  t h i s  r epor t .  

The a l loca t ion  from NASA funds w i l l  provide c e r t a i n  

Two a d d i t i o n a l  p r o j e c t s  were recommended f o r  support  by the  Executive 
Commit tee. These are : 

13. Energy Band Quantization i n  High E l e c t r i c  F ie lds  
Lloyd ;I .  Lambert, Pr inc ipa l  Inves t iga to r  $ 10,820 

_ _  

14. Analysis of Compartmental Ilodels by I‘eans of Hybrid Computers; 
Charles F. Taylor ,  Pr inc ipa l  Inves t iga to r  5,549 

$ 16,369 
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These p r o j e c t s  were described i n  t h e  proposal  submitted Eecember 3, 1965. 

For the  present ,  support  has been withdrawn from t h e  following p ro jec t s :  

2 .  Experimental Study of Photoe lec t r ic ,  Opt ica l ,  and Surface P rope r t i e s  
of Trans i t ion  Yetals; 

David W. Juenker and Albert  D. Croweli, P r i n c i p a l  Inves t iga to r s  

5 .  Smooth Muscle Ac t iv i ty  as Recorded by Radio Telemetry;  
Kenneth R. Simmons, Pr inc ipa l  Inves t iga to r  

9. Dimension-Theoretical Aspects of N e t r i z a b i l i t y :  
Bruce R. !Jenner, P r i n c i p a l  Inves t iga to r  

11. Lehrman-Symanzik-Zimemann Formula as a Calcula t iona l  Technique 
i n  F ie ld  Theory; 

Leonard X. Scarfone, P r inc ipa l  Inves t iga to r  

Continued funding of the  above p ro jec t s  w a s  recommended by the  Executive 
C o m i t t s e  only i n  the  event t h a t  s u f f i c i e n t  add i t iona l  funds are ava i l ab le  
during t h e  year  beginning February 1, 1966. While i t  is poss ib le  t h a t  o ther  
p r o j e c t s  being supported may secure support  from other  sources and thus release 
funds which can be used t o  r eac t iva t e  these  p r o j e c t s ,  i t  is l i k e l y  t h a t  they 
w i l l  no t  be r eac t iva t ed  unless  add i t iona l  funds are received from NASA. 

Of t h e  p r o j e c t s  i n i t i a t e d  durina t h e  f i r s t  year  one p r o j e c t ,  b?o. 10,  f o r  

from the  
which support  was provided no longer required support .  
cont inue t o  use t h e  equipment provided by t h e  g ran t  i n  h i s  research 
s tandpoin t  of funding, t h e  p ro jec t  w i l l  be considered completed and the  progress  
r e p o r t  w i l l  be considered a f i n a l  repor t .  

While D r .  Hyde w i l l  

This pro jec t  is: 

10. Electron Microscopy; Beal B. Hyde, P r inc ipa l  Inves t iga to r  

A t  t he  t i m e  t h i s  r epor t  is being prepared the re  i s  unal located approxi-- 
mately $17,941 of t he  $100,000 granted f o r  the  second yea r ,  s ince  funds have 
been a l loca ted  f o r  t h e  remainder of t h i s  semester only. 
o u t ,  however, t h a t  t o  continue the  p re sen t ly  a c t i v e  p r o j e c t s  t o  any s i g n i f i c a n t  
e x t e n t  beyond June w i l l  be impossible without a d d i t i o n a l  funds. 
t he  p r o j e c t s  f o r  which support  has been suspended cannot be r eac t iva t ed  except 
t o  t h e  ex ten t  t h a t  funds a r e  provided i n  excess of the  $150,000 annual l e v e l  
e s t a b l i s h e d  f o r  the  f i r s t  year.  

It should be pointed 

Furthermore, 

I n  summary. l i esu l t s  of the  f i rs t  year  of opera t ion  have been most re- 
warding and s i g n i f i c a n t  progress  h a s  been made. 
suppor t  of worthwhile p ro jec t s  g rea t ly  exceed the  support  ava i l ab le .  

Demands f o r  funds f o r  the  
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Indiv idua l  Project Reports 

In  t h e  following pages w i l l  be found progress 

r e p o r t s  as submitted by the  p r i n c i p a l  i nves t iga to r s  f o r  

each NASA supported p ro jec t  through 1 2 ,  with the  exception 

of r epor t s  on P ro jec t s  1 and 11. Pro jec t  1 was es tab l i shed  

f o r  budgetary purposes only t o  cover the  purchase of equip- 

ment f o r  t h e  Engineering Shop; Progress Report No, 1 con- 

ta ined  a r e p o r t  on t h i s  a c t i v i t y  and no f u r t h e r  r epor t  is 

needed a t  t h i s  time. P r o j e c t  11 w a s  completed during t h e  

s u m e r  of 1965 and t h e  final r epor t  was contained i n  

Progress  Report No. 1. 



P W J E C T  I1 - EXPERIME&l'AL SlL1)Y OF PHOTOELECTRIC, OPTICAL AND SURFACL 
PROPERTIES OF T~AYSITIOiN YETALS 

- ---_ 
7- _ _ _ _ _ _ _  - - -  -- 

Inves t iga to r s  - Gavid W.  Juenker,  Associate Professor ,  Gepartment of Physics 
Albert  I). Crowell, Professor ,  Department of Physics 

Progress !teport - February 1, 1966 

Pho toe lec t r i c  and Op t i ca l  Stydies  

It has been determined t h a t  the f i r s t  s t e p  i n  t h i s  p ro jec t  should be a3 
i nves t iga t ion  of a pol ished (110) (close-packed) sur face  of a tantalum c r y s t a l ,  
with i l lumina t ion  inc iden t  a t  a constant 45' angle ,  and w i t h  the  inc ident  plane 
of po la r i za t ion  a s  t he  continuous experimental va r i ab le .  
made ava i l ab le  by col leagues i n  another laboratory.  
is novel,  and the  explora t ion  of i t s  usefulness  has been undertaken as the  top ic  
of an 'I1.S. d i s s e r t a t i o n  by !-fr. J o e l  Ross, a NASA graduate  t r a i n e e  i n  t h i s  
department. 

The sample has been 
The technique r e fe r r ed  t o  

The experimental  method has seve ra l  a t t r a c t i v e  f ea tu res .  P r inc ipa l  amonp 
them are these ,  t h a t  with a f ixed  angle measurement and va r i ab le  p o l a r i z a t i o n ,  
a simple two-window vacum enclosure s u f f i c e s  t o  house the  specimen, and t h a t  
the  specimen, i t s  enclosure,  and the c i r c u i t r y  required f o r  low-level photo- 
e l e c t r i c  cur ren t  measurement, can a l l  be held s t a t i o n a r y .  Besides s implifying 
o p t i c a l  alignment and e l e c t r o n i c  procedures, the  lat ter f e a t u r e  permits 
continuous high speed vacuum pumping, which w i l l  be a p a r t i c u l a r  a s s e t  i n  l a t e r  
t h i n  f i l m  inves t iga t ions .  

The choice of 45' as the f ixed angle  of incidence of t he  r ad ia t ion  a t  the 
specimen su r face  permits t he  i n t e n s i t y  of r e f l e c t e d  l i g h t  - from which the  
o p t i c a l  cons tan ts  of t h e  sample a r e  t o  be calculated-  t o  be measured i n  r e l a t i v e  
u n i t s ,  s ince  f o r  the  t w o  p r i n c i p a l  planes of po la r i za t ion ,  perpendicular t o ,  and 
p a r a l l e l  with,  t h e  plane of incidence,  the  r e f l ec t ances  a t  4 5 O  are simply r e l a t e d  
by R = R2. Rotation of t h e  plane of p o l a r i z a t i o n  is accomplished by mounting 
the  e n t i r e  o p t i c a l  assembly, including l i g h t  source ,  monochromator, focussing 
mi r ro r s ,  and p o l a r i z e r ,  on a tu rn tab le  which can be ro t a t ed  about the  l i g h t  
beam inc iden t  on the  sample. Perpendicular t o  t h a t  a x i s  the  r e f l e c t e d  l i g h t ,  
now e l l i p t i c a l l y  polar ized ,  e n t e r s  an end-window pho to iwl t ip l i e r ,  which d e t e c t s  
t o t a l  r e f l e c t e d  i n t e n s i t y  a s  a funct ion of t h e  angle  between the  plane of po la r -  
i z a t i o n  and the  plane of incidence.  For metals l i k e  those i n  the  t r a n s i t i o n  
group, n e i t h e r  of t h e  o p t i c a l  indices  n and k i s  much smaller  than the  o the r  i n  
the  v i s i b l e  o r  near  u l t r a v i o l e t  (as occurs ,  f o r  i n s t ance ,  with aluminum, and 
with the a l k a l i  and noble meta ls ) .  Hence the  v a r i a t i o n  i n  r e f l ec t ance  al luded 
t o  above i s  expected t o  be s u f f i c i e n t l y  pronounced t o  admit d i g i t a l  ana lys i s  
i n  terms of the  values  of n and k .  

Perhaps simultaneously with the r e f l ec t ance  determinations i n  the  u l t r a -  
v i o l e t ,  but  a t  least without a l t e r i n g  the pos i t i on  or ambient cond-ition of the  
sample, v a r i a t i o n  of the  pho toe lec t r i c  y i e ld  of t h e  sample can be recorded. 
Together with t h e  knowledge of t he  o p t i c a l  cons tan ts ,  t h a t  v a r i a t i o n  can be 

r a d i a n t  e l e c t r i c  field components normal and t angen t i a l  t o  the  emi t t ing  su r face ,  
,.;-.-- g ~ v c r r  a probable i f i t e rp t e t a t iun  i n  teriw of iiie re la t ive  riZeciivrness or' the 
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and hence i n  terns of the  photoe lzc t r ic  e x c i t a t i m  wd wisn. I t  i s  izt::reeF 
t o  c o l l e c t  the photoelectrons on a p lanar  e l ec t rode ,  s u i t a b l y  perforated +,-, 

pass the  inc ident  and r e f l ec t ed  l i g h t  beams, and s i t u a t e d  p a r a l l e l  with the  
sample plane.  
produce a magnetic f i e l d  normal t o  those planes s u f f i c i e n t  t o  confine the  most 
ene rge t i c  photoelectrons t o  the  in t e re l ec t rode  space.  Such co l l i na t io r .  makes 
poss ib le  a simple r e t a rd ing  p o t e n t i a l  measurenent of t?ie nornaf erxr-7 
d i s t r i b u t i o n  of t he  emitted e l ec t rons .  

A p a i r  of small Helmholtz c o i l s  e x t e r n a l  t o  the  vacum tube w i l l  

, 
While i t  w a s  expected t h a t  a t  least some of t h e  o p t i c a l  da t a  discussed 

above would have been ava i l ab le  from the  f i r s t  specimen by t h e  t i m e  of t h i s  
r e p o r t ,  unforeseen delays have prevented it .  A t  present  wr i t i ng  the  vacuum 
and electrical  systems have been completed and are operat ing w e l l ,  and only 
the  o p t i c a l  assembly and the  mounting of the  sample i t s e l f  remain t o  be 
completed before  da ta  can be taken. 

Surf ace Studies  

The apparatus f o r  t h e  s tudy of t h e  e f f e c t s  of carbon monoxide on the  
e l e c t r i c a l  r e s i s t a n c e  of t h i n  metal f i lms  has  been constructed and prel iminary 
tests are underway. The design represents  an advance i n  t h a t  previously re- 
ported i n  the  P7.S. t h e s i s  of llr, T. Ansbacher by permit t ing a measurement of 
the  rate and amount of gas adsorption by the  f i lm.  This observat ion i s  made 
by a molecular-flow-throughla-capillary technique. Studies  on a series of 
metals is  t o  be undertaken, including both t r a n s i t i o n  and o ther  metals. The 
i n i t i a l  observat ions are bein$ made on s i l v e r .  

The e f f e c t s  of carbon monoxide on the  pho toe lec t r i c  emission of e l e c t r o n s  
from a po lyc rys t a l l i ne  molybdenum su r face  have been s tudied  by Ilr. J .  D. 
Clewley. Using sur faces  exposed to  (1) argon i o n  bombardment and t o  (2) ion  
bombardment followed by anneal ing,  t h e  changes i n  Fowler p l o t s  of the  e l e c t r o n  
y i e l d i n g  :.ravelength of inc ident  r ad ia t ion  were obtained. These p l o t s  showed 
t h a t  on an annealed su r face  t h e  r a t e  of change of work func t ion  kept  up with 
the  rate of bombardment by CO molecules and t h a t  t he re  w a s  e s s e n t i a l l y  no 
change i n  the  p robab i l i t y  of photoemission per  photon. On t h e  unannealed 
s u r f a c e s ,  t he  change i n  work funct ion w a s  much slower,  and the re  appeared t o  
be changes i n  the  p robab i l i t y  of photoemission per  photon as w e l l  as changes 
i n  work funct ion.  The d i f fe rences  i n  t h e  behavior of t he  two sur faces  is 
a t t r i b u t e d  t o  a g rea t e r  defec t  dens i ty  i n  the  latter case.  
descr ib ing  these  r e s u l t s  is i n  preparat ion and copies  giving complete d e t a i l s  
w i l l  be s e n t  t o  NASA. 

An Y . S ,  t h e s i s  

Tlie construct ior-  of apparatus t o  observe the  amount of adsorbed gas on 
s m a l l  metal su r faces  by a r a d i o  t r a c e r  method has  cor.tinued. 
r e p o r t ,  a mica window (3.0 mg/cm2) has  been sealed t o  the  experimental  tube 
and t e s t e d  f o r  s t r eng th  and vacuum leaks .  
modified t o  p e r n i t  i o n  bombardment of t he  su r face  as w e l l  as hea t ing  by 
e l e c t r o n  bombardment. 

Since t h e  last 

The o r i g i n a l  tube has also been 

- 6 -  Pro  j ect I I 
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PROJECT I11 - NUMERICAC METHOD FOR CZTERP'INZNG THE RESIDUAL STFiESSES FdSULTING - FROM S U . E D ~ ~ ~ ~ T I ~ ~ G - O ~ ~ X   TEE^ ZuiiFACE OF ASHORTHOLLOW CYLINDER 

Inves t iga to r  - Howard Duchacek, Associate Professor ,  Department of 
Mechanical Engineering 

Progress Report - February 1, 1966 

Work T i m e  Assignment 

Research on the  above p ro jec t  began i n  Apr i l ,  1965 with the  assignment of 
Professor  Howard Duchacek t o  the p ro jec t  for one-quarter of h i s  academic program 
for t he  months of Apr i l  and Nay. During the  summer of 1965 graduate s tuden t s ,  
Timothy L. Brosseau and Robert B. Lee jo ined  t h e  p ro jec t  f o r  13 weeks of the 
summer and were supervised by Professor Duchacek on a one-quarter of one-ninth 
bas i s .  Beginning September 1, 1965, t h e  graduate s tuden t s  were on a half-t ime 
academic basis supervised by Professor Duchacek on a one-quarter academic basis 
joined by Professor  Er l ing  Chamberlain a l s o  on a one-quarter t i m e  bas i s .  

General Nature of the  Pro-bLeg 

The problem of thermal shock which is assoc ia ted  with the sudden hea t in?  of 
t h e  inne r  sur face  of rocket  nozzles  is a f e a t u r e  of the  space program which needs 
t o  be considered f u r t h e r .  The so lu t ion  of t h i s  problem f o r  a t  least one design 
r equ i r e s  a l a r g e  m a s s  and r equ i r e s  the use of very c o s t l y  material. 
ment for t h e  material t o  withstand high temperature and a l s o  have high thermal 
shock r e s i s t a n c e  is a demanding one. 
about by a sudden hea t ing  of the  inner sur faces  of rocket  nozzles  and the  
condi t ion  becomes c r i t i ca l  usua l ly  within the  f i r s t  one or two seconds a f t e r  
l i g h t - o f f .  The condi t ion i s  developed genera l ly  by expansion of the  material 
on the  inne r  su r face  of t h e  nozzle  which is being heated,  however, during the  
same t i m e ,  the  material i n  the  outer  po r t ion  of t he  nozzle is r e l a t i v e l y  cold.  
This condi t ion  develops compressive stresses near the  inner  su r faces  of t h e  
nozzle  and gene ra l ly  t e n s i l e  s t r e s s e s  i n  the  o the r  regions of t he  nozzle which 
have n o t  as y e t  been heated. 
prime importance, however, materials which genera l ly  withstand high temperatures 
are ve ry  o f t e n  b r i t t l e  a t  usua l  atmospheric temperatures. 
e x h i b i t  a sudden change from a b r i t t l e  t o  a r a t h e r  d u c t i l e  condi t ion a t  a 
p a r t i c u l a r  e leva ted  temperature known as t he  b r i t t l e - d u c t i l e  t r a n s i t i o n  
temperature,  and once the  nozzle has been heated t o  a temperature g rea t e r  than 
t h i s  c r i t i c a l  temperature,  t he re  i s  no longer a problem. Within these  f i r s t  one 
or two c r i t i ca l  seconds af ter  l i gh t -o f f ,  the  problem i s  complicated by an e l a s t i c -  
p l a s t i c  condi t ion of stress i n  the  region of the  nozzle  near  the  inner  su r face ;  
and, of course.condi t ions are changing r ap id ly  with t i m e .  
a classical approzch t o  the  problem would be extremely unwieldly, hence i t  w a s  
proposed t h a t  a numerical method be devised t h a t  would determine both the  
c r i t i ca l  stresses of thermal shock, and a l s o  would be extended so t h a t  r e s i d u a l  
stresses which remain wi th in  the  s t r u c t u r e  a f t e r  i t  has  cooled would be 
determined. 
s p e c i f y  the  temperature d i s t r i b u t i o n  i n  a c y l i n d r i c a l  r i n g  which i s  of immediate 
importance t o  the  numerical  method. 

The r e q u i r e  

The occurrence of thermal shock i s  brought 

The d u c t i l i t y  of the  material i n  quest ion is of 

Some of these  materials 

It seemed l i k e l y  t h a t  

The second ob jec t ive  was t o  propose a method t h a t  would help to  

The t h i r d  ob jec t ive  was  to  attempt the  
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. 
c o r r e l a t i o n  of the  above mectioned numerical method with an experimental  program 
having t o  do with the  sudden heating of the  inner  sur face  of r ings .  

F i r s t  Obi ect i v e  

The numerical method f o r  determining the  thermal stress ana lys i s  i n  a 
hollow r i n g  involves knowing the  temperature d i s t r i b u t i o n  through the  r ing  
thickness  a t  very small i n t e r v a l s  of t i m e  a f t e r  the  s tar t  of hea t ing  of the  
inner  sur face .  It i s  assumed t h a t  t h e r e  is a condi t ion of unequal b i -ax ia l  
stress with neg l ig ib l e  stress i n  t h e  a x i a l  d i r ec t ion .  The f u r t h e r  assumption 
of a uniform heat  f l u x  a t  the  inner  su r face  and the  u s e  of c y l i n d r i c a l  
coordinates  s i m p l i f i e s  the  ana lys i s .  For approximate a n a l y t i c a l  purposes, the  
r ing  is regarded as a series of concentr ic  c y l i n d r i c a l  s h e l l s ,  each of which is 
descr ibed by a value of temperature, r a d i a l  stress, and t angen t i a l  stress, 
u l t ima te  stress, modulus of e l a s t i c i t y ,  and c o e f f i c i e n t  of thermal expansion. 
The geometric cons t r a in t s  tcge ther  with the  standard s t r e s s - s t r a i n  formula 
fu rn i sh  means f o r  i n f e r r i n g  the  r a d i a l  stress i n  any given s h e l l  once the  
stress-strain condi t ions are knovm f o r  a i l  t he  s h e l l s  i n t e r i o r  t o  the  one i n  
quest ion.  Once t h i s  r a d i a l  stress is known, a l l  o ther  parameters f o r  t h i s  s h e l l  
are computed by app l i ca t ion  of re levant  formulae a s  a l s o  is t he  r a d i a l  stress 
versus r ad ius  curve becomes zero a t  the  inner  and outer  r a d i i  of the  r ing .  The 
computer program e x p l o i t s  t h i s  f a c t  by having the  computer operator  feed i n  
i n t e l l i g e n t  guesses as t o  the  r a d i a l  stress gradien t  near  the  inner  sur face ,  
c a l c u l a t i n g  the  condi t ion ( i , e . ,  values of t h e  parameters) i n  successive 
concent r ic  s h e l l s  r e s u l t i n g  from a given guess and f i n a l l y  displaying the value 
of r a d i a l  stress at  the  ou te r  sur face  which must be equal  t o  zero.  
is accepted or not as the  operator  considers  i t  t o  be a good approximation t o  
zero.  I f  t h i s  value is r e j e c t e d ,  the  operator  modifies h i s  guess as t o  the  
inner-most r a d i a l  stress gradien t .  Once t h e  condi t ion of zero r a d i a l  stress 
is obtained a t  the  ou te r  sur face ,  the  s t r e s s - s t r a i n  value ca lcu la ted  f o r  t he  
successive s h e l l s  are taken t o  be  the  real ones. 

This value 

With these  values  recorded, t h e  new temperature d i s t r i b u t i o n  is introduced. 
Any p l a s t i c  ac t ion  due to the  combined e f f e c t s  of the j u s t  ca l cu la t ed  stress- 
s t r a i n  d i s t r i b u t i o n  and the  temperature v a r i a t i o n  is permanently incorporated 
i n t o  the  dimensions of t he  s h e l l s ,  and when t h i s  is done as t he  cyc le  is 
repeated ( i .e. ,  a new value f o r  r a d i a l  stress gradien t  a t  the  inner  su r face  
is  guessed, and a new s t r e s s - s t r a i n  d i s t r i b u t i o n  is obtained as above). 

The computer program f o r  t h e  method a s  described above has  been w r i t t e n ,  
s a t i s f a c t o r y  computations have been made f o r  the  f i r s t  time i n s t a n t ,  and 
f u r t h e r  de-bugging of the  program needs t o  be completed f o r  a d d i t i o n a l  t i m e  
i n s t a n t s .  

Second Obi ect- 

The second ob jec t ive ,  which is t o  determine a method t o  spec i fy  the  
temperature d i s t r i b u t i o n  i n  the  Cyl indr ica l  r i ng ,  has a l s o  received a c t i v e  
a t t e n t i o n .  A plasma j e t  is t o  be used a s  the  hea t  source f o r  the  r i n g s  because 
of i ts  c a p a b i l i t y  f o r  sudden appl ica t ion  of very high temperatures,  i ts  
a d a p t a b i l i t y  t o  a timing mechanism, f o r  r ep roduc ib i l i t y  of hea t  f l u x ,  and for  
r e l a t i v e l y  low power dra in .  Nitrogen plasma is def lec ted  from the  end of a 
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carbon rod ts the  inner  sur face  of the  r ing .  
experiment is one of ccpper because of i t s  very high the rna l  d i f f u s i v i t y  and 
consequent high r e s i s t ance  t o  the  melting of t he  inner  sur face  of t he  r i n g  when 
the  r i n g  is  cooled on the  outer  surface.  Thermocouples were fastened t o  the  
r ing  a t  s eve ra l  r a d i a l  l oca t ions  and temperature d i s t r i b u t i o n s  were obtained a t  
some r a d i a l  loca t ions  on the  copper r i n g .  I n i t i a l  data f ron  t h i s  experiment w a s  
found t o  have a non-uniform hea t  f lux  a t  the  inner  su r face  of the  r i n g  owing t o  
e ros ion  t o  the  end of the  carbon rod upon which the  n i t rogen  plasma was sprayed. 
This condi t ion has been cor rec ted  by causing the  carbon rod t o  be r o t a t e d ,  and 
t h i s  together  with considerable  care i n  c e n t r a l l y  loca t ing  the  plasma jet  appears 
t o  have overcome t h i s  problem. 

The r i n z  used i n  t h i s  p a r t i c u l a r  

I n  order  t o  determine t h e  hea t  f l u x  and a l s o  the  temperature d i s t r i b u t i o n  
a t  s e v e r a l  i n s t a n t s  of t i m e  a f t e r  l i gh t -o f f ,  temperature d i s t r i b u t i o n s  were 
p l o t t e d  a t  these  s e v e r a l  t i m e  i n s t a n t s  and the  hea t  f l u x  w a s  obtained by a 
determinat ioa of t he  temperature gradient  of t he  inner  sur face .  
is complicated by the d i f f i c u l t y  of i n s e r t i n g  thermocouples c lose  t o  the  inne r  
w a l l .  
hollow cyl inder  is w e l l  documented, and the  method of f i n i t e  d i f f e rences  w a s  
employed with t h i s  equation t o  determine temperature curves which would match 
the  experimental  curves. 
temperature grad ien t  c lose  t o  the  inner  su r face  and w i l l  enable a more accura te  
determinat ion of hea t  f l u x  a t  t h i s  inner  su r face  a t  several i n s t a n t s  of t i m e  
a f t e r  the  l i gh t -o f f .  
made t o  determine the  temperature d i s t r i b u t i o n s  without recourse t o  
experimentation. 

The problem 

The classical determination of r a d i a l  termperature d i s t r i b u t i o n  i n  a long 

The t h e o r e t i c a l  curves gave a somewhat smoother 

Af te r  determination of t h e  hea t  f l u x ,  an attempt w i l l  be 

Third Obfect ive 

The t h i r d  ob jec t ive  which included a proposal t o  conduct an experimental  
program t o  determine the  temperature and s t r a i n  during the  heat ing cyc le  and 
the  r e s i d u a l  s t r a i n  upon r e t u r n  t o  ambient temperature has  not  as ye t  been 
s t a r t e d .  
experimental  program, and a s t r a i n  measuring device i s  i n  the  process of being 
designed. However, i t  is estimated t h a t  i n t e n s e  a p l i c a t i o n  of e f f o r t  on t h i s  
p a r t  of t he  program w i l l  occur in t h e  e a r l y  p a r t  of t h e  summer of 1966. 

Pressed and s i n t e r e d  tungsten r ings  have been ordered f o r  t h i s  

I n  genera l ,  t he  f i r s t  t w o  ob jec t ives  of t h e  proposal are being a c t i v e l y  
pursued. 
e a r l y  surmer of 1966. 

The t h i r d  ob jec t ive  of the proposal  w i l l  b e  attempted during the  
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I .  

1 .  

PROJECT IV - 

Invest igator : -  Donald G. Forgays, Professor ,  Department of Psychology 

Progress Report - February 1, 1966 

This study has  been underway f o r  approximately t e n  months. During t h a t  
t i m e  p r i n c i p a l  a t t e n t i o n  has been d i r ec t ed  t o  two tasks ;  l i t e r a t u r e  search and 
t echn ica l  problems of sub jec t  immersion. 
as fo l lows-  

Progress  on these t a sks  has  been made: 

1. An e s s e n t i a l l y  complete review of t he  pe r t inen t  l i t e r a t u r e  has been made. 
There are about 300 re l evan t  t i t les;  these have been read and abs t rac ted .  
An a r t i c l e  r e f l e c t i n g  a review of t h i s  l i t e r a t u r e  i s  being prepared i t  
w i l l  be submitted f o r  publ ica t ion  some t i m e  dur ing the  next  repor t ing  
per iod.  The review i n d i c a t e s  t h a t  t he re  have been very few i s o l a t i o n  
s tud ie s  i n  which adequate cont ro ls  have been employed o r  even i n  which 
much systematic  v a r i a t i o n  of conditions was attempted. This has l i k e l y  
r e f l e c t e d  the  extreme d i f f i c u l t y  i n  achieving adequate base condi t ions 
of sensory i s o l a t i o n .  

2. The t echn ica l  problems of subjec t  immersion were many but  a l l  have been 
solved t o  da te .  

Gravity hea t  ( l a rge  r ad ia to r s  and a small i s o l a t i o n  room) was used 
i n i t i a l l y  t o  maintain the  room and the  water i n  the  tank a t  body 
temperature. This proved t o  be too  va r i ab le .  Thus a large co i led  
immersion hea te r  has been designed and i s  being f ab r i ca t ed  f o r  
de l ive ry  i n  February. 
An attempt w a s  made t o  avoid f i l t e r i n g  of the  water by s u b s t i t u t i n g  
replacement of t he  water on a frequent  bas i s .  With the  water a t  
approximately 100 degrees F,  however, fungi  grow a t  a rap id  rate. 
We have designed and ordered an appropr ia te  f i l t e r i n g  system and 
have set up a water ch lor ina t ion  scheme and frequent  t e s t i n g  of 
the  water. 
We have set up a two way communication system between the  sub jec t  i n  
the tank and the  experimenter ou t s ide  of the  i s o l a t i o n  room. A micro- 
phone has  been b u i l t  i n t o  the  breathing headset  and the re  is an under- 
water speaker b u i l t  i n t o  the  tank. 
be resolved before  t h i s  sys tem was funct ioning properly.  
Problems of recording physiological  func t ion ins  underwater have 
occupied our a t t e n t i o n  over the  p a s t  two months. Methods have been 
worked out  f o r  measuring such th ings  a s  r e s p i r a t i o n ,  EKG, EEG, PGR, 
e t c .  underwater. 
Our review of the  l i terature  indica ted  t h a t  submersion i n  water over 
an hour or t w o  would lead t o  minor renal changes r e s u l t i n g  i n  an in -  
creased production of urine.  
they are being equipped with e l imina t ion  bags which a r e  strapped t o  
the  l e g .  Since we are co l l ec t ing  the  u r i n e  from the  isolated,  sub- 
mersed s u b j e c t s ,  we w i l l  undertake u r inana lys i s  sys temat ica l ly  and 
make these  measures p a r t  of our phys io loglsa l  S i i i d i e S .  

Several  t echn ica l  problems had t o  

To avoid discomfort  t o  our sub jec t s ,  
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3. Over the  p a s t  year we have added t o  the p ro jec t  tile p a r t  time h e l p  of two 
persons.  

a )  D r .  Ernest  lj'Angelo is  a physician taking h i s  residency i n  the  
Divis ion of Otolaryngology, College of t fed ic ine ,  Universi ty  of 
Vermont. During the  present  yea r  of h i s  res idency,  he is under- 
going research t r a i n i n g  i n  the Department of Psychology. 
cont r ibu t ion  t o  the  p ro jec t  is i n  providing continuing medical 
supervis ion of the  experiments. 
examined medically before  being accepted t o  p a r t i c i p a t e .  
I s  a l s o  examined again immediately before  submersion and a t  
per iods a f t e r  leaving the  i so l a to ry  experience.  D r .  D'Angelo 
is present  throughout t h e  submersion period of any subject . .  
as w e l l .  
Zlr. Ricnard Blanchard is  an electrical engineer who has  been 
funct ioning as a research a s s i s t a n t  i n  the  Department of 
Anatomy of t he  College of ?!edicine, Universi ty  of Vermont. 
H e  has  contr ibuted importantly t o  the  development of the  
physiological  i nd ices  underwater and the  two-way communication 
system. 

H i s  

Each volunteer  s u b j e c t  is 
H e  

b) 

4. We have submerged seve ra l  persons i n  the  tank f o r  varying per iods of t i m e ,  
The experimenters served as sub jec t s .  up t o  1/2 hour. 

cont inue t o  submerge the experimenters for periods up t o  six hours ( t h e  
maximum period f o r  experimental  s u b j e c t s ) .  
u n t i l  w e  f e e l  confident  t h a t  a l l  t echn ica l  problems have been d e a l t  w€th 
e f f e c t i v e l y .  At t h i s  po in t ,  around Plarch 15, we w i l l  begin the  systematic  
t e s t i n g  of the  volunteer  subjec ts .  

Our p lan  is t o  

This rout ine  w i l l  p e r s i s t  
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1 .  

Investigator - Kenneth R. Simmons, Assistant Professor, Department of 
Animal and Dairy Science 

Progress Report - February 1, 1966 

Obiectives. The objectives of this project were: 

1. To develop radio telemetry techniques for monitoring and measuring 
smooth muscle activity. 

2. To test improved transmitting devices for smooth muscle electro- 
myography. These devices were to be constructed by the Department 
of Electrical Engineering of the University of Vermont. 

3 .  To use these devices and techniques to measure smooth muscle 
activity primarily in domestic animals. 

Procedure of Work. 
Rabbits were used as the experimental animal. 
were to be applied to cattle and sheep. The areas of investigation were: 

The smooth muscle system to be studied was the uterus. 
Techniques learned with rabbits 

1. To adapt a transmitter, originally designed for ECG transmission, 
to smooth muscle myography. 

2. To deternine the proper type of electrodes and the best method for 
inplanting these electrodes in the uterine myometrium. 

3 .  To determine how long electrodes could be left in the muscle and 
still give an accurate interpretation of action potentials. 

4. To determine the best location for electrodes, a location that 
would be most representative of overall uterine activity. 

5 .  To compare results of this investigation with more conventional 
methods of recording uterine activity; i.e. electrical activity 
of individual fibers in situ or in vitro: the mechanical activity 
of the myometriun. 

6 .  Then to record uterine activity, via radio telemetry, during 
different physiological (hormonal) conditions, as during the 
estrous cycle, gestation, and parturition. 

Progress Report: 

Most previous investigations of uterine electrical activity have been 
carried out on isolated strips of muscle suspended in a bath. Also, most 
studies have delt with the activity of single cells, by the use of intra- 
cellular electrodes. 
of uterine muscle in situ so there was liccie irifurzation uith r-?hi& to 

There are very few studies of the electrical activity 
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conipare our r e s u l t s .  
i n t a c t  u te rus  exposed so  t h a t  gross muscular a c t i v i t y  could be observed. 

Consequently most of our s t u d i e s  were conducted on the 

Work t o  d a t e  has been concerned with comparisons between d i r e c t  recording 
and recording v i a  r ad io  te lemetry,  e lec t rode  loca t ion ,  and types of e l ec t rodes .  

In  order  t o  have some understanding of t he  s i g n a l s  received and recorded 
from the  ECG t r ansmi t t e r  i t  w a s  necessary to compare these  s i g n a l s  w i t h  those 
received by d i r e c t  recording. This has been the  most recent  phase of t h e  
p ro jec t  t o  be undertaken, and consequently i t  has no t  been completed. In  
genera l ,  however, it appears t h a t  t h e  ECG t r ansmi t t e r  g ives  a p a t t e r n  t h a t  is 
similar t o  the  p a t t e r n  recorded d i r e c t l y .  
does not  d i sp lay  the  s e n s i t i v i t y  of t h e  o ther ,  i . e . ,  i t  does not  show the  slow 
o s c i l l a t o r y  type of e l e c t r i c a l  a c t i v i t y  assoc ia ted  with a quiescent  u te rus .  
would d e t e c t  and transmit t he  ac t ion  p o t e n t i a l s  of increased u t e r i n e  a c t i v i t y  or  
the b u r s t s  of a c t i o n  p o t e n t i a l s  t ha t  occur vhen waves of musclc coEtract ions 
passed by t h e  areas of t he  e lec t rodes .  Only a few at tempts  were made a t  
measuring the  i n t e n s i t y  or frequency of these  t ransmi t ted  a c t i o n  p o t e n t i a l s ,  
and no d e f i n i t e  conclusions can be reached. 

However, t he  r ad io  t rnsmi t ted  p a t t e r n  

It 

Some of t he  previous inves t iga t ions  of u t e r i n e  e l e c t r i c a l  a c t i v i t y  have 
repor ted  t h e  presence of a pacemaker reg ion  e i t h e r  a t  t he  ovarian or c e r v i c a l  
end of the  u t e rus ,  with waves of contract ions genera l ly  o r ig ina t ing  from these  
regions or have only de tec ted  them under c e r t a i n  phys io logica l  condi t ions such 
as s h o r t l y  before  p a r t u r i t i o n .  
no pacemaker region w a s  noted. 
any po in t  i n  the  u t e rus .  

I n  t h i s  i nves t iga t ion  using non-pregnant rabbi ts . ,  
Contractions were random and could o r i g i n a t e  a t  

This randomness of cont rac t ion  p resen t s  a problem as regards t o  the  loca t ion  
of e l ec t rodes .  
u t e r u s ,  i t  would provide an exce l len t  l oca t ion  f o r  the  e lec t rodes .  However, 
where t h e r e  a r e  apparent d i f fe rences  i n  frequency of cont rac t ions  between 
d i f f e r e n t  u t e r i ,  one area appears as good as another f o r  the  loca t ion  of t he  
e l e c t r o d e s  wi th in  an ind iv idua l  uterus .  
along the  length of t he  u t e r u s  i s  a l so  under inves t iga t ion .  

I f  a d i s t i n c t  pacemaker region could be found i n  the nongravid 

Varying d i s t ances  between e l ec t rodes  

Surface type e l ec t rodes  do not appear t o  be p r a c t i c a l  f o r  prolonged 
recording i n  s i t u .  
as e l e c t r o d e s ,  bu t  t h i s  has  not  proved e n t i r e l y  s a t i s f a c t o r y .  I n  some cases i t  
has  been impossible t o  say t h a t  the myometrium w a s  t he  only t i s s u e  contacted.  
Very s m a l l  loops, sutured i n  p lace  i n  the  myometrium, are cu r ren t ly  being used. 
This  type of e l ec t rode  appears t o  be  much b e t t e r  than any type previously used. 

Loops of w i r e ,  passed through the  myometrium, have been used 

No recordings have been made under varying phys io logica l  condi t ions as y e t ,  
a l though t h i s  was the  next  s t e p  planned f o r  the  inves t iga t ion .  

A more s e n s i t i v e  t r ansmi t t e r  would be d e s i r a b l e ,  but  personnel changes i n  
the  Electrical Engineering Department have temporar i ly  ha l t ed  any work on the  
development of t r ansmi t t e r s .  

Continued work on t h i s  pro jec t  should y i e ld  i n f o m a t i o n  on the  a c t i v i t y  of 
t h e  u t e rus  i n  s i t u .  This information would be va luable  i n  s t u d i e s  of sperm and 
ovum t r a n s p o r t ,  f e r t i l i z a t i o n  mechanism, e a r l y  embryo mor ta l i t y ,  ges ra t ion  and 
p a r t u r i t i o n .  
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PROJECT V I  - DISTRIBUTION- &DPHYSIOLOGICISI, EFFECTS I_N_w-tN OF CURRENTS 
FROM EXTERJhIAL-I$EClRODES 

Inves t iga to r  - Stanley Rush, Associate Professor ,  Department of E l e c t r i c a l  
Engineering 

Progress Report - February 1, 1966 

In t roduct ion  

The program f o r  studying the  physical  f a c t o r s  de te rn in ing  the  cur ren t  
dens i ty  f i e l d  i n  t h e  b ra in  r e su l t i ng  from cur ren t  introduced on the  s k u l l  s u r -  
face has  been i n i t i a t e d  i n  four  areas.  These are: (1) Studies  of t h e  cur ren t  
d e n s i t y  f i e l d  employing models i n  which human s k u l l s  are immersed i n  a 
conducting so lu t ion .  The exterior is bounded by in su la t ion  represent ing t h e  
a i r - sca lp  boundary and t h e  conducting s o l u t i o n  represents  the  s c a l p  and b ra in .  
(2) 
d i f f e r e n t  p a r t s  of t he  head. 
i dea l i zed  models approximating t h e  e l e c t r i c a l  p rope r t i e s  of the  head. 
gene ra l  i nves t iga t ion  of s k u l l  thickness  as a funct ion of age and sex. 

Detai led inves t iga t ions  of s k u l l  thickness  and r e s i s t i v i t y  as they vary i n  
(3) Theore t ica l  analyses  of cu r ren t  f i e l d s  i n  

(4) A 

1. Study of Current Density F ie ld  

The p r i n c i p a l  e f f o r t  i n  t h i s  por t ion  of the  program has been so f a r  con- 
cerned with t h e  devis ing,  purchasing, and debugging of instrumentat ion f o r  
p l o t t i n g  the  cu r ren t  dens i ty  f i e l d s .  A t h ree  dimensional s t e r e o t a x i c  device has 
been purchased and mounted f o r  con t ro l l i ng  and measuring the  pos i t i on  of the  ex- 
p lo r ing  probe. 
put toge ther  with s p e c i a l  a t t e n t i o n  t o  grounding and sh ie ld ing  problems. 
d i f f e r e n t i a l  p o t e n t i a l  measurement is required with sepa ra t e  ground t o  prevent 
s t r a y  ground cu r ren t s  from flowing through the  p o t e n t i a l  measuring e l ec t rodes .  
A d i g i t a l  vol tmeter  is used for rapid d a t a  taking.  A constant  cu r ren t  s i g n a l  
source is employed t o  minimize t h e  e f f e c t s  of e l ec t rode  r e s i s t a n c e  v a r i a t i o n s  
and t o  provide a system which can be d i r e c t l y  converted t o  measurements on 
human sub jec t s .  Sku l l s  have been purchased f o r  t he  program and techniques 
f o r  c u t t i n g  them along l i nes  of symmetry have been devised. 
and instrumentat ion of the  casing around the  s k u l l  w a s  worked out  using a c lay  
l a y e r  over t he  s k u l l  represent ing  the  sca lp .  
p l a s t e r  of p a r i s  which upon removal i s  l i ned  with f i b e r g l a s  t o  form a receptac le  
for t he  s k u l l  and conducting so lu t ion .  
silver wire e l ec t rodes .  
reach below the s k u l l  i t s e l f  to measure s c a l p  p o t e n t i a l s .  
l iminary  measurements along the  plane b i sec t ing  the  s k u l l  v e r t i c a l l y  has been 
c a r r i e d  out .  The genera l  p a t t e r n  seems t o  be s a t i s f a c t o r y  and use fu l  r e s u l t s  
w i t h  t he  f i n a l  r e f ined  system a r e  an t i c ipa t ed  wi th in  the  next  month. 

A s e n s i t i v e  bridge-type p o t e n t i a l  measuring system has been 
A 

The f a b r i c a t i o n  

The latter is  then covered with 

The f i b e r g l a s  is pierced with a g r i d  of 
The l a t t e r  are required s ince  the  movable probe cannot 

One set  of very pre- 

2 .  Thickness and R e s i s t i v i t y  lleasur ement s 

The method of measuring the  r e s i s t i v i t y  of the  s k u l l  s ec t ions  has been 
completely worked out .  
of a sample s k u l l  and mil led t o  f i t  t i g h t l y  across  a rec tangular  trough of con- 
duc t ing  f l u i d .  

Smal l  rec tangular  segments have been c u t  from many areas  

These p ieces  are previously soaked i n  a m i i d  formaideiiyde 
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solution for nine (9) days or more t o  fully absorb as much fluid as possible. 
The period required was ascertained from a series of resistance experiments 
extending over two weeks or more during which the segments' resistivity was 
followed as the bone absorbed more and more fluid. 
as it was found after a long period of investigation of anomalous effects that 
in an ordinary salt solution, a fungus grows in the skull and affects its re- 
sistivity determination. 
order of 100 times the resistivity of the fluid which permeates its pores. 

The formaldehyde is employed 

The skull resistivity is quite variable and is of the 

3 .  Theoretical Studies 

Three models have been considered. The analysis of the simplest of these 
a sphere (brain) surrounded by two concentric shells of different conductivities 
(skull and scalp) with diametrically opposed point current electrodes on the out - 
side surface of the outer shell, has been completed. The second model is similar 
to the first but will be extended for any electrode placement on the scalp. This 
model has only been investigated so far as to determine that a solution is 
possible by the method of separation of variables. 
to the last but the spherical boundaries are replaced by confocal prolcte 
spheroids-. 

The third model is similar 

This analysis has rjeen initiated and eppears feasible. 

4. Skull Thickness Investigation 

This investigation has been started with an extensive literature search 
using the medical library and informed consultation with university staff members 
in several departments. 
far that there is no data available on this subject; probably because there is 
no convenient technique. 
applied as a simple technique for skull thickness measurements. 
the Anatomy Department has a substantial collection of skulls with their 
histories, and some of the data sought will be obtained by the direct measure- 
ments of this collection. 

The results of this investigation have only revealed so 

This suggests that the present investigation may be 
Fortunately. 
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PROJECT VII-A - BIOENERGY -- ELECTRICAL SOURCES 
Inves t iga to r  - Wilfred Roth, Professor ,  Department of E l e c t r i c a l  Engineering 

Progress Report - February 1, 1966 

1. Purpose 

Elec t ronic  devices t h a t  can be implanted i n  l i v i n g  organisms such as h e a r t  
pacemakers, te lemeter ing t r a n s i s t o r s ,  and the  l i k e ,  r equ i r e  a source of e l e c t r i -  
cal energy. The present  s ta te  of the ar t  r equ i r e s  t h a t  small dry cel l  b a t t e r i e s  
be used. 
depending upon the  appl ica t ion .  

The l i f e  of such energy sources v a r i e s  from hours t o  several years  

Since the  energy l e v e l s  of var ious funct ioning p a r t s  of t h e  body are 
s u f f i c i e n t  t o  supply the  requi red  power f o r  many implantable e l e c t r o n i c  devices ,  
t h i s  research p ro jec t  is concerned with methods f o r  converting t h i s  energy i n t o  
e l e c t r i c a l  form t o  permit the  e l imina t ion  of s h o r t  l i f e  b a t t e r i e s .  

2.  Progress from A p r i l  1965-to February 1-56 

A s tudy of numbers of poss ib le  mechanisms f o r  der iv ing  e l e c t r i c a l  energy 
from the  funct ioning animal o r  human was made. Consis tent  with the  ob jec t ive  
t h a t  t h e  method used should be capable of an operat ing l i f e  t i m e  i n  the order  
of t e n  years ,  when implanted, numbers of approaches t h a t  are p resen t ly  being 
worked on elsewhere were r e j e c t e d  in favor  of a method wherein p a r t  of t he  
energy of r e s p i r a t i o n  is tapped and converted i n t o  electrical form. 
work involved u t i l i z a t i o n  of t he  i n t r a p l e u r a l  p ressure  va r i a t ion .  

The i n i t i a l  

By means of a f l u i d  f i l l e d  bladder a t tached  to  the  p l e u r a l  s i d e  of the  
diaphragm, a f luc tua t ing  pressure  source w a s  e s t ab l i shed .  
pressure  w a s  r e c t i f i e d  by means of f l u i d  check valves  connected i n  a full-wave 
b r idge  conf iguara t ion  t o  produce a un id i r ec t iona l  s t a t i c  pressure  head of 
approximately 1.5 PSI, 
to  a h igh  frequency o s c i l l a t i n g  pressure ( i n  t he  order  of 1000 cycles  per  second) 
by means of a regenera t ive  f l u i d  f l ip - f lop .  
v a r i a t i o n s  were sensed by a p i e z o e l e c t r i c  transducer whose a l t e r n a t i n g  output  
w a s  r e c t i f i e d  by means of semiconductor components t o  develop DC e l e c t r i c a l  
power. 

The f luc tua t ing  

This s t a t i c  f l u i d  pressure  source w a s  then converted 

The high frequency f l u i d  pressure  

By e a r l y  f a l l ,  t h e  b a s i c  elements of t h i s  system were assembled so t h a t  
o v e r a l l  c h a r a c t e r i s  t ics  could be s tud ied .  
extremely low and power output below one microwatt was obtained. 
hydrdynamic impedence l e v e l s  a t  the i n t e r f a c e s  between the  full-wave hydraul ic  
r e c t i f i e r ,  t h e  f l i p - f l o p ,  and the  p i e z o e l e c t r i c  t ransducer  presented many 
problems because t h e  f l u i d  f l i p - f lop  impedence w a s  f a r  too low f o r  our intended 
purpose. 
magnitude of s ta te  of t he  a r t  advance is needed before  t h i s  embodiment of our 
bioenergy electric source can be u t i l i z e d .  
t ab l ed .  

Ef f ic iency  of t h e  f l i p - f l o p  w a s  
Hatching of 

A study of t h e  l i t e r a t u r e  of such devices  i n d i c a t e s  t h a t  o rders  of 

As a consequence, t h i s  approach w a s  

- 16 - Projec t  Vii-A 



. The aethod being studied now substitutes a mechanical oscillator for the 
fluid oscillator described above. 
rectified by a mechanical linkage winding a spiral spring. 
similar to that employed in self-winding watches. The potential energy stored 
by the wound spring is converted to oscillatory kinetic energy by virtue of an 
escapement mechanism driven by the wound spring. Oscillation occurs at approx- 
imately 30 cycles per second. Oscillations of the escapement drive a piezo- 
electric transducer whose output is rectified and filtered to produce the final 
DC power output. 
above, but a mechanical analog of the fluid flip-flop is substituted. 

The fluctuating intrapleural pressure is 
This device is 

The major elements of the system are similar to those discussed 

Mechanical elements for the first experimental model using this approach 
are being assembled to permit studies of efficiency, power levels, etc. 

3. Plans for the Future 

Oversize models of the mechanical components required t o  imprement the 
spring energy storage and oscillator will be constructed. 
characteristics on the oversize models are thoroughly understod, miniaturization 
design efforts will be initiated directed toward the achievement of small, high 
efficiency, implantable units. 

When the system 
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PROJECT VII -B  - RADIOLOGICAL DATA PROCESSING - CONTRAST DETMCATION - AND MULTICOLOR PRESENTATION 

Inves t iga to r  - Wilfred Roth, Professor and Chairman, Department of 
Electrical Engineering 

Progress Report - February 1, 1966 

1. Purpose 

The i n t e r p r e t a t i o n  o r  ' reading" of radiographs can be a d i f f i c u l t  matter 
when f i n e  s t r u c t u r e  and s u b t l e  detai ls  a r e  of i n t e r e s t .  Sk i l l ed  observers  can 
d isagree  about the  i n t e r p r e t a t i o n  of a radiograph. I n  an attempt t o  more f u l l y  
u t i l i z e  the  senses  of a s k i l l e d  observer,  conversion of black and white radio- 
graphs i n t o  mul t ip le  co lo r  d i sp lays  is being inves t iga ted .  The co lor  v i s i o n  
sense of a normal observer is present ly  not  u t i l i z e d  and w e  wish t o  determine 
whether co lor  conversion w i l l  permit t h e  observer t o  e l i c i t  more information 
than he can from a black and white radiograph. 

2. Progress  from June 1965 t o  February 1966 

A standard commercial co lor  TV receiver w a s  purchased t o  serve  as a f i n a l  
d i sp l ey  means. 
Department of Radiology, Mary Fletcher  Hospi ta l ,  and it  has been used t o  produce 
video output s i g n a l s  from a scanned black and white radiograph. 

A commercial black and white TV camera w a s  borrowed from the  

The video s i g n a l s  are fed  i n t o  an e l e c t r o n i c  encoder t h a t  was developed 
during the  summer. 
c a p a b i l i t y  of t he  '111 camera i n t o  three sepa ra t e  ranges on the  b a s i s  of o p t i c a l  
dens i ty .  
channels,  t he  respec t ive  s i g n a l s  are  employed t o  modulate the  r ed ,  b lue  and green 
guns of t h e  p i c t u r e  tube i n  the  rece iver .  
conversion from varying dens i ty  grey, from black t o  white ,  t o  va r i ab le  hue is 
achieved. 

The encoder separa tes  t h e  e n t i r e  black and white s i g n a l  range 

Af ter  f u l l  e l e c t r o n i c  manipulation of t he  th ree  separated s i g n a l  

As a consequence of t h i s  process ,  the  

The f u l l  co lor  d i sp l ay  of a black and white radiograph makes a s t r i k i n g  
impact on the  observer but  i t  is s t i l l  too  e a r l y  t o  draw any conclusions with 
r e spec t  t o  t h e  a b i l i t y  of t he  observer t o  "read" more information ou t  of the  
d i s p l a y  than he  can out  of t he  black and white  radiograph. 

3. Plans f o r  t he  Future 

Wodification of a l l  e l ec t ron ic  c i r c u i t s  is underway i n  order  t o  extend the  
bandwidth and, thereby, t o  improve r e so lu t ion .  
TV receiver leads  t o  degradat ion of t h e  d i sp lay  so t h a t  even the  black and white  
TV d i s p l a y  is i n f e r i o r  t o  t h e  o r i g i n a l  black and white radiograph. D i f f i c u l t i e s  
have been experienced with the  TV camera with r e spec t  t o  the  l imi t ed  dynamic 
range. 

The performance of t h e  commercial 

Steps t o  improve t h i s  l imi t a t ion  w i l l  a l s o  be taken. 

When performance of the  color  system is s u f f i c i e n t l y  improved, equipment 
w i l l  b e  dupl ica ted  f o r  i n s t a l l a t i o n  i n  the  Mary F le t che r  Hospi ta l ,  Department of 
Wadiolog~. A t  t h i s  r f ~ e ,  c~.l?je~tjVe cnmpatison of co lor  d i sp lay  versus  black and 
whi te  d i sp l ay  w i l l  be made i n  an attempt t o  eva lua te  whether the  use of the  co lor  
s ense  of t he  observer is advantageous. 
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PROJECT VI11 - COHPUTER APPLICATIONS I N  CLINICAL PATHOLOGY 
-I - ------ -- 

Inves t iga to r  - Rex D. Couch, Assis tant  Professor ,  Department of Pathology 

Progress Report - February 1, 1966 

This p ro jec t  has  shown considerable a c t i v i t y  i n  a cunber of areas i n  the  
vast year.  As w i l l  be noted with ind iv idua l  aspec ts  of t he  p ro jec t  below, a 
part-time programmer w a s  added, and t w o  s tudent  t r a i n e e s  worked under NASA 
support .  In add i t ion ,  t h e  r e l a t ionsh ips  of t h i s  p ro jec t  have been developed 
f u r t h e r  with o the r  departments i n  t h e  Universi ty ,  e spec ia l ly  Electrical 
Engineering and brathematics . 

Various programs f o r  ana lys i s  of c l i n i c a l  Chemistry d a t a  have been , 

developed and have become extremely use fu l .  
program is de-bugged and can be run without  operator  in te rvent ion .  
minor changes i t  w i l l  be run on the IFW 1130 system, when de l ivered .  
programs, now being run i n  p a r a l l e l  have provided a l o t  of information about 
Chemistry da t a  t h a t  is being used in  a t h i r d  area. 
Chemistry s ta t is t ical  program and t h e  l i m i t s  evaluat ion program f o r  s e v e r a l  
months we  Save formed hypotheses tha t  are being tested by a normal values  
program t h a t  u t i l i z e s  p robab i l i t y  theory t o  a r r i v e  a t  a dec is ion  boundary 
between normal and abnormal values.  W e  observed t h a t  t he re  were d e f i n i t e  
d i f f e rences  i n  the  d i s t r i b u t i o n s  of b i l i r u b i n  values  between i n f a n t s  and adu l t s .  
This d i f f e rence  is now being s tudied and ind ica t e s  t h e  test is an e n t i r e l y  
d i f f e r e n t  one appl ied t o  i n f a n t s  and adu l t s .  This is the  f i r s t  ob jec t ive  proof 
of a b e l i e f  t h a t  has developed among c l i n i c a l  pa thologis t s  i n  recent years .  
r e s u l t s  of t h i s  s tudy,  along with normal values  for  o the r  l i v e r  func t ion  tests, 
w i l l  hopeful ly  be submitted f o r  publ ica t ion  t h i s  spr ing .  

The q u a l i t y  c o n t r o l  s t a t i s t i ca l  
With a few 
Two 

Having had r e s u l t s  from the  

The 

The input  systems f o r  Chemistry, Bacteriology, and Hematology are now 
opera t iona l .  
Pathology t o  ga ther  da t a  on ba t t e ry  t e s t i n g ,  
machine learn ing  f o r  grouping of abnormal d a t a  is being developed by O r .  L a i ,  
and t h e  d a t a  derived from the  ba t t e ry  tests (15 Chemical, 6 Hematologic, p lus  
Ur ina lys i s )  w i l l  be input  f o r  t h i s  program. The normal values  program output  
has  been u t i l i z e d  f o r  t he  program now being w r i t t e n  t o  test f o r  usefulness  
ind ices .  These ind ices  w i l l  be ca lcu la ted  f o r  any labora tory  test i n  any 
d i s e a s e  o r  d i seases .  This one-dimensional case w i l l  then be expanded t o  
c a l c u l a t e  t h e  usefu lness  index fo r  a group of tests i n  any number of d i seases .  
The l o g i c a l  r e s u l t s ,  and our ult iniate goal  f o r  t h i s  series of proFrams, w i l l  
be c a l c u l a t i o n  of d i sease  l o c i  i n  an n-dimensional system by means of labora tory  
va lues .  

An a n c i l l a r y  s tudy is being c a r r i e d  out  with two r e s i d e n t s  i n  
The concept of unsupervised 

A spec ia l i zed  instrument f o r  capture  of Autoanalyzer s i g n a l s ,  ca l cu la t ion  
of va lues  from an i n t e r n a l l y  in tegra ted  curve,  and d i r e c t  t ransmission t o  a 
keypunch machine has  been developed j o i n t l y  with D r .  Reed Williams and Mr. Harry 
Pendleton of the  IBM Corporation. This  w i l l  be i n s t a l l e d  wi th in  t h e  next month. 
I n t e r e s t i n g l y ,  similar instruments are now being considered for marketinz by 
IBM n a t i o n a l l y ,  and is being marketed under ihr CiadC nsze 
Elec t ron ic s  Associates ,  Incorporated. 

‘‘PACE’ by the  
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As an outgrowth Gf t h i s  p r o j e c t ,  a study is  being i n i t i a t e d  by G r s .  Fred 
Evering and Wilfred Roth of the  E l e c t r i c a l  Engineering Department and 3r. Jackson 
J. Clemmons of t h e  Department of Pathology. Their study w i l l  develop a c e w  
approach i n  u t i l i z i n g  rad io iso topes  fo r  measurement of var ious substances i n  
Chenis t ry . 

The IBI! 1130 computer w i l l  be u t i l i z e d  f o r  f u r t h e r  development of programs 
znd concepts a l ready mentioned, and is a l s o  t o  serve as an i n i t i a l  tool i n  
systems engineering f o r  t ine-shar ing app l i ca t ions .  It is  an t i c ipa t ed  t h a t  
add i t iona l  personnel w i l l  be made ava i lab le  f o r  continuance of the  l a t t e r  s tudy.  

The personnel now assoc ia ted  with the  p r o j e c t  include t h e  p r i n c i p a l  
i n v e s t i g a t o r ,  co-principal i nves t iga to r ,  t vo  programmers, two input  c l e r k s ,  
t w o  summer s tudent  t r a i n e e s ,  as well as r e s i d e n t s  i n  Pathology. Because of t h e  
i n t e r e s t  of s tudents  and r e s iden t s  i n  t h i s  p r o j e c t  i t  has been necessary t o  l i m i t  
t he  number of persons we can he lp  t o  t r a i n .  It is hoped t h a t  o the r  sources  and 
personnel can be found i n  order  t o  e l iminate  t h i s  l i m i t a t i o n .  
t r a i n i n g  i n t e r e s t e d  ind iv idua ls  is extremely important and one of t he  most 
i n t e r e s t i n g  and chal lenging ones we have experienced. 
of persons from other  Universi ty  departments and adminis t ra t ion  hzve been ex- 
tremely g r a t i f y i n g  and have contr ibuted g r e a t l y  t o  any snall success  the  p r o j e c t  
may have had. 

This aspec t  of 

The i n t e r e s t  and support  

Publ icat ions 

Lindberg, D.A.B., Van Peenen, H . J . ,  and Couch, R.3. Pa t t e rns  i n  C l i n i c a l  
Chemistry. 
Am. J. Cl in .  Path.  44t315-321, 1965. 

Low serum Sodium and Chloride i n  Hospi ta l ized P a t i e n t s .  

Couch, R . U .  The Role of Computers i n  S m a l l  Hospi ta l s '  A Look i n t o  t h e  Future.  
Read a t  t he  ;Jew hngland Post-Graduate Assembly, I"!ovember 5 ,  1965. 
Submitted f o r  publ ica t ion .  
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PROJECT I X  - 

Inves t iga to r  

DINENSIO~~-THEORETICAL ASPECTS OF METRIZABILXTY 
-I__I______ ~.- I____- -------I -- 

- Bruce R. FJenner , Assis tan t  Professor ,  Department of Ifathematics 

Progress Report - February 1, 1966 

The f i r s t  ob jec t ive  of t h i s  p ro jec t  w a s  t o  determine whether a Bagata metric 
necessa r i ly  has  a dimension-preserving completion. This  problem is  near s o l u t i o n  
a t  t h i s  t i m e ,  and may be conpleted v i t h i n  the  month. The problem i n  separable  
metric spaces had a l ready  been solved by the  n r i n c i p a l  i nves t iga to r  i n  the  spr inq  
of 1965, and i t  remained t o  so lve  t h e  ?ore qeze ra l  case of a r 5 i t r a r y  n_e;c_ric 
spaces.  

A Nagata metric on an n-dimensional space R i s  one which has  the  following 
property : 

For any ;1.-)0 and any x & R,  t h e  boundary of the  €-sphere SE(x) about x 
has dimension < n-1. 

This can be generalized t o  a 6 f - s p a c e  as fo l lows .  
W 

L e t  I?= &Ri2 where each Xi i s  closed and i s  of f i n i t e  demension ni- 
Then a Kagata metric on R has the following property:  
f o r  any E > @ ,  any x E 9,  and any n a t u r a l  number i5 the  boundary of 
S E (x) mests Ri i n  a set of dimension C n i - l .  

J. Nagata has s h o m  t h a t  any finite-dimensional met r ic  space a d x i t s  a 
topologica l ly  equivalent  IJagata metr ic ,  and the  p r i n c i p a l  i aves t iga to r  has 
shown t h a t  a metric ~r -space also h a s  t h i s  property.  The met r ic  is introduced 
by using a uniformity wfiich has the  r i&t p rope r t i e s  t o  exh ib i t  t he  space ' s  
covering dimension, and the  metric is  then def ined on t h i s  uniformity. The 
p r i n c i p a l  i nves t iga to r  has r ecen t ly  shown t h a t  the  uniformity $an be s t rengthened 
i n  a way such t h a t  the r e s u l t i n g  metric d oc a cf -space 'i= u R has the  
following property:  151 i 

of P such t h a t  f o r  any nk+2 po in t s  y1,..dfynrc*2 k 

x E Rk, then d (y i jy j )  < E  f o r  some i # j .  

Ey us ing  t h i s  theorem i t  seems almost c e r t a i n  (the p r i n c i p a l  i nves t ipa to r  is 
p r e s e n t l y  c leaning up the  d e t a i l s  of the  proof)  t h a t  the  completion with respec t  
t o  t h i s  me t r i c  does not  r a i s e  dimension. 

This  tells us t h a t  i f  a Nagata met r ic  has been constructed frorn the  
p a r t i c u l a r  uniformity i n  ques t ion ,  i t s  completion does not  r a i s e  dimension on any 
of t h e  subspaces Ri. 
a r b i t r a r y  Nagata netric must necessar i ly  have t h e  same property.  
mustg but  t h i s  remains t o  be proved ( i t  does not promise t o  be d i f f i c u l t ) .  
procedure would be t o  cons t ruc t  a nev, equivaient Kagiita iiietric by gcing back t o  
t h e  metric uniformity a n i  s t rengthening i t .  
new metric does z o t  raise dinlension, a s  has a l ready  been shown., bu t  the  completion 
wi th  r e spec t  t o  the  old metric is homeonorphic t o  i t  and hence must a l s o  preserve 
dimens i o n .  

The only remainirlg problen then is t o  determine whether an 
It seems t h a t  i t  

The 

The completion with r e spec t  t o  the  

- 22 - Project I X  



I '  

c -  

I 

PROJECT X - CHANGES I N  NUCLEOLAR ULTRASTRUCTURE RELATED TO PLANT DEVELOPMENT -- --- -._I.-I_-- __ 

Inves t iga to r  - Beal B. Hyde, Professor  and Chairman, Department of Botany 

Fina l  Report + February 1, 1966 

I n  September 1965 I received $3,000 from an i n s t i t u t i o n a l  NASA Grant 
(NGR-46-001-008) P ro jec t  10, t o  purchase a s i n g l e  p iece  of equipment. 
of equipment - a Kinney Vacuum Evaporator KSE-2 - has been purchased and i n s t a l l e d  
and is performing exce l l en t ly .  The small balance remaining i n  the  gran t  a t  t h i s  
wr i t i ng  w i l l  be exhausted when Buildings and Grounds submits t h e i r  b i l l  f o r  
i n s t a l l a t i o n .  

This p iece  

This evaporator is an e s s e n t i a l  adjunct  t o  an e l e c t r o n  nicroscope laboratory.  
It is used f o r  two main purposes. 
support  b i o l o g i c a l  specimens observed i n  the  e l ec t ron  microscope. 
evaporate (shadow) metals or a l l o y s  on small ob jec ts  such as v i r u s e s  or aacro- 
molecules f o r  t he  purpose of e l ec t ron  microscope observat ion.  
poss ib l e  t o  use it f o r  a v a r i e t y  of purposes where a vacuum of the  order  of 
1. x lom5 Torr. is des i red .  I n  the  present  p ro jec t  i t  is being used f o r  the  
former purpose. The machine is a permanent p a r t  of t h e  e l e c t r o n  microscope 
labora tory  being assembled i n  t h e  Botar,y Department. 

F i r s t ,  w e  prepare f i lms  on copper g r i d s  t o  
Second, we may 

It i s ,  of course,  

Although t h i s  is a f i n a l  progress report f o r  the  NASA support ,  the  p r o j e c t  
The necessary equipment has  been assembled f o r  about is only i n  i t s  incept ion.  

4 months. A t  p resent  four  people are working p a r t  t i m e .  
D r .  A. C-ershoy, Emeritus Professor  of Eotany, D r .  Louise Raynor, Associate 
P r o f e s s o r ,  and Stephen Blackwell on an RSF Undergraduate Research P a r t i c i p a t i o n  
program. 

The sen io r  i n v e s t i g a t o r ,  

So f a r ,  a l l  th ree  p a r t s  of t h e  p r o j e c t  submitted have been i n i t i a t e d .  
f i r s t  p a r t ,  p repara t ion  of anthers  of E. ovata during the  prophase of meiosis f o r  
E.?:. observat ion,  has  been c a r r i e d  the  f a r t h e s t .  Some e l e c t r o n  micrographs have 
been taken. 
made before  c r i t i ca l  micrographs of nuc leo lar  f i n e  s t r u c t u r e  during these  s t a g e s  
can be macie. 
have proved t o  be f e a s i b l e .  

The 

It is c l e a r  t h a t  some improvement ir. f i x a t i o n  o r  embeddinq must be 

However, t h e  techniques have been worked out  i n  a geDeral way and 

The second aspect  of the  pro jec t  -- t he  study of the  changes i n  the  nucleolus 
which accompany the  depos i t ion  of p ro te in  i n  the  E .  ovata  embryo -- is s t i l l  i n  
t h e  l i g h t  microscope survey s tage .  
cha rac t e r  of t he  embryonic development by doing some his tochemistry on these  
young embryos and ovules ,  
been brought i n t o  the  p ro jec t  f o r  t h i s  purpose. 

It w i l l  be necessary t o  l e a r n  the  genera l  

D r .  Raynor, the  l o c a l  exper t  on p l an t  embryology, has 

The t h i r d  aspect of the  p ro jec t  is  being c a r r i e d  out  l a r g e l y  by Hr. Blackwell 
i n  cooperat ion with D r .  Sproston and h i s  group. This aspec t  concerns the f i n e  
s t r u c t u r a l  changes i n  the  growing h*yphae of A l t e rna r i a ,  a fungus, a f t e r  i t  has  
been induced t o  spo ru la t e .  
growing and preparing this fungus f o r  E.M. work. 
should have some e l e c t r o n  micrographs of t h i s  fungus and should be ab le  t o  de f ine  
more p r e c i s e l y  the  l i m i t s  of t h i s  problem. 
pe r iod  over which the  Droject h a s  been a c t i v e ,  i t  is f e l t  t h a t  a s u b s t a n t i a l  
beginning has  been made on a broad f r o n t .  

We have j u s t  about solved the  t echn ica l  problems of 
By the  end of t h e  scmester w e  

CvrivideraiZg ths rchtc:elg shcrt 
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PROJECT XI1 - C-ALCULATIONAL AND-EXPERIMENT&-ASPECTS OF ENTROPY DETERMINATIONS 

Inves t iga to r  - Claus A. Wulff, Assis tant  Professor ,  Department of Chemistry 

Progress Report - February 1, 1966 

- Calcula t iona l  

(1) The es t imat ion  of inorganic  cgntropies - The most common need f o r  an esti- 
mated entropy of an inorganic  substance is i n  t he  ca l cu la t ion  of f ree-energies  
and equi l ibr ium constants  from entha lp ies  of formation. 
estimates may be in fe r r ed  from the  fact t h a t  an entropy uncer ta in ty  of ?. 1 cal 
deg -' mole 
cons tan t .  Of several es t imat ion  methods t h a t  have been advanced, t h a t  developed 
by L a t i m e r  is  deservedly the  most popular,  and genera l ly  reproduces experimental  
en t rop ie s  wi th in  f: 3 cal deg -1 mole '1. The Latimer method is simply add i t ive  - 
summing entropy cont r ibu t ions  f o r  each i o n i c  cons t i t uen t  of the  compound. 
is l a r g e l y  empir ical  and is, therefore ,  i n  constant  need of r ev i s ion  as more 
d a t a  become ava i lab le .  

The necess i ty  of  re f ined  

corresponds t o  a 20% uncer ta in ty  i n  a room temperature equi l ibr ium 

It 

During t h i s  pas t  semester, t h i s  author  has considered the  following two 
schemes. The f i r s t  is a rev i s ion  of L a t i m e r ' s  a d d i t i v i t y  cons tan ts  bases on 
the  new d a t a  t h a t  have appeared s ince  the  l a s t  r ev i s ion  in 1952. 
s t ances  en t rop ie s  ca lcu la ted  using such new cons tan ts  are only s l i g h t l y  more 
accura te  than those ca l cu la t ed  from Latiner's o r i g i n a l  values .  
method has been derived t o  t ake  advantage of observed l i n e a r  c o r r e l a t i o n s  
between en t rop ie s  and en tha lp i e s  of formation. 

For most sub- 

The second 

If we assume f o r  the  conpound IiX(c) t h a t  

then 
................ (1) 

= s + sx +C&*l-if ................ (2) 
b! 

................ (3 )  

The combination of equat ions similar t o  (3) and f o r  t he  compounds ? K s  LW, 
LJX, NY l eads  t o  

Using l i t e r a t u r e  values  f o r  en t ropies  ( S )  and en tha lp i e s  of formation 
( AH,) s e v e r a l  values  of p i n  s a t i s f a c t o r y  accord tiere ca lcu la ted .  Equation 
(3) may be inver ted  t o  read 

S' + s '  = s - p &H (TU) ...............( 3 ' )  !:! x f 
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,- . 
1'1th the  value of obtained from equat ion (4) the  sum S i  + S' can be 

Since the  ind iv idua l  a d d i t i v i t y  cont r ibu t ions  have no S y s i c a l  evaluated. 
s ign i f i cance ,  ar. a r b i t r a r y  value w a s  assigned t o  Sk and a l l  values  f o r  o the r  
spec ies  were ca l cu la t ed  relative t o  t h i s  assigned value.  

Addi t iv i ty  cont r ibu t ions  developed i n  t h i s  manner reproduce experimental  
en t ropies  s i g n i f i c a n t l y  b e t t e r  than does Latimer 's  method. For example, 63% 
of the  ca lcu la ted  en t ropies  f o r  ha l ides  and s u l f a t e s  of univa len t  metals f a l l  
wi th in  the  uncer ta in ty  of t he  experimental values .  and the  r . m . s .  dev ia t ion  
f o r  b iva l en t  metal compounds is 1 c a l  deg-' mole-i less than t h a t  obtained 
using L a t i m e r ' s  method. 

These ca l cu la t ions  are e s s e n t i a l l y  complete. The necessary AHf input  da t a  
This publ ica t ion  is now being rev ised  and has were taken from FIBS Circu la r  500. 

been published i n  pa r t .  
entropy es t imat ion  scheme will await comparison of t he  input  d a t a  used and the  
rev ised  fIBS values .  
necessary,  and the  p ro jec t  should be complete by FIarch 1966. 

F ina l  rev is ion  and submission f o r  pub l i ca t ion  of the  

It is not  an t i c ipa t ed  t h a t  d r a s t i c  r e v i s i o n  w i l l  be 

(2)  
Hepler ,  Carnegie I n s t i t u t e  of Tec!rnology, P i t t sburgh ,  Pa.) .  

The en t rop ie s  of aqueous iopr i -  ( In  conjunction with Professor  Loren G.  
For many of the 

t r a n s i t i o n  metal elements, en t ropies  of t h e i r  inoreanic  compounds are lacking.  
To provide input  da t a  f o r  the  scheme, ou t l ined  in (1) above, i t  was necessary 
t o  cornpute s e v e r a l  en t rop ie s  from so lu t ion  thermochemistry and equi l ibr ium 
d a t a  i n  the  l i t e r a t u r e .  
molal en t rop ie s  of t he  aqueous ions.  

Also necessary f o r  the  ca l cu la t ions  are the  p a r t i a l  

L i t e r a t u r e  da t a  
Cd(I I ) ,  Xg(I) ,  and Hg(I1) ions have been co l l ec t ed  and several independent 
pa ths  t o  each p a r t i a l  molal  entropy have been followed. 
seem considerably more r e l i a b l e  then exis t inp:  l i t e r a t u r e  values  
used t o  c a l c u l a t e  a s e l f  cons i s t en t  set of en t ropies  f o r  the  ha l ides  and s u l f a t e s  
of t hese  elements. 

p e r t i n e n t  t o  such ca l cu la t ions  for t he  aqueous Z n ( I I ) , ,  

The r e s u l t a n t  en t ropies  
and have been 

These r e s u l t s  have been wr i t t en  up and submitted f o r  presenta t fon  a t  the  
Nat ional  P'eeting of the  American Chemical Society i n  itarch 1966. 
t o  t h e  meeting the  paper w i l l  be submitted f o r  publ ica t ion  t o  the  Journa l  of 
Chemical and Engirieering Data. 

Shor t ly  p r i o r  

Calcu la t ions  based on l i t e r a t u r e  d a t a  and experimental r e s u l t s  (obtained 
a t  Carnegie I n s t i t u t e  of Technology) have been completed t o  y i e l d  p a r t i a l  molal 
thermodynamic da ta  f o r  t h e  aqueous Co(I1) and TJi(I1) ions and the  en t ropies  and 
h e a t s  of formation of t h e i r  s u l f a t e s .  These r e s u l t s  have been accepted f o r  
pub l i ca t ion  by the  Journa l  of Physical Chemistry. 

S imi la r  entropy eva lua t ions  for  o t h e r  t r a n s i t i o n  metal ions  are now 
underway. 

(3) The eva lua t ion  of b a r r i e r  _I_ -_- heights  - A ca lcu la t ion  of t he  he ight  of the 
p o t e n t i a l  b a r r i e r  hindering i n t e r n a l  r o t a t i o n  of the  methyl groups i n  hexa- 
methylbenzene has been i n i t i a t e d  usinp the  lowtemperature  heat-capaci ty  r e s u l t s  
of J .  G. Aston, e t  al. It was f e l t  t h a t  a s i m p l e  extension of t he  t reatments  
used f o r  methyl-, dimethyl-,  and trimethylbenzene would be appl icable  but  the  
results were dfscouragine. It became evident  t h a t  a new treatment of the  
l a t t i ce  v i b r a t i o n s  was necessary,  and seve ra l  such refinements have shown 
promising r e s u l t s .  A preliminary est imate  of the  b a r r i e r  he ight  shows i t  
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t o  be much greater than those in the related compounds s tudied  c rev ious ly .  

Expe r imen ta l  

A graduate s tudent  , Xr . John Lerbscher (B. S . - Franklin and 'Tarshall 
Col lege) ,  has been added t o  the  group. He has begun research on t h e  e q u i l i b r i a  
of ion-pairs  i n  so lu t ion ,  t o  provide t h e  necessary f r e e  energy da ta  t o  c a l c u l a t e  
the  p a r t i a l  molal en t rop ie s  of these i n t e r e s t i n g  spec ies .  E i s  p resent  i n v e s t i -  
ga t ions  a r e  concerned with so lu t ions  of Ca(OH)2q Ba(Oti)2 and (Ntig)7SiF6; t he  
u l t i m a t e  a i m  being to  determine the en t rop ie s  of -die' aqueous C a O e ,  BaOh4, and 

SiF6 ions. 

The b luepr in t s  f o r  the  c r y o s t a t  i t s e l f  are not  y e t  complete, but  i t  is a n t i c i -  
pated t h a t  they w i l l  be ava i l ab le  t h i s  spr ing .  

-2  

Equipment t o  be used with the  low-temperature c r y o s t a t  has  been ordered. 

- 26 - Project XI1 


